Six hundred horses of different ages, heights and breeds were weighed on a weighbridge and had their weights estimated by two weigh tapes, 1 and 2, by a formula, and by a visual estimate. For the population as a whole, the most accurate method was the formula (mean [sd] 98-6 [10-61 per cent) closely followed by weigh tape 2 (98-1 [8-1] per cent). Tape 1 and the visual estimate were the least accurate (112-0 [9-3] and 88-3 [20-1] per cent respectively). When the population was divided into two height groups, the formula and weigh tape 2 were the most accurate for horses <15 hh (99-6 [5-2] In order to try to resolve these questions an investigation was carried out to establish the accuracy of the two most commonly used weigh tapes (Spillers and Dalton), one formula (Carroll and Huntington 1988), and visual estimation.
Six hundred horses of different ages, heights and breeds were weighed on a weighbridge and had their weights estimated by two weigh tapes, 1 and 2, by a formula, and by a visual estimate. For the population as a whole, the most accurate method was the formula (mean [sd] 98-6 [10-61 per cent) closely followed by weigh tape 2 (98-1 [8-1] per cent). Tape 1 and the visual estimate were the least accurate (112-0 [9-3] and 88-3 [20-1] per cent respectively). When the population was divided into two height groups, the formula and weigh tape 2 were the most accurate for horses <15 hh (99-6 [5-2] per cent and 99-0 [5] [6] per cent respectively), and weigh tape 1 and the visual estimate were 113-5 (6-5) per cent and 88-4 (16-3) per cent accurate respectively. For horses .15 hh weigh tape 1 was most accurate (103-5 [9-1] per cent) and the formula, tape 2 and the visual estimate were 95-5 (13-1) per cent, 91-8 (9-2) per cent, and 89-3 (22-2) per cent accurate respectively. Overall the formula appeared to be the most accurate estimator of a horse's weight. However, owing to individual variation, it is recommended that the weights of horses <15 hh are estimated by the formula or weigh tape 2, and that the weights of those .15 hh are estimated with weigh tape 1.
IT is vital that owners, trainers, nutritionists, and veterinary surgeons are able to establish accurately how much the horses in their care weigh. Factors which are influenced by a horse's weight include drug dosage, ration formulation, racing performance, and transportation. Drugs, whether they be anthelmintics, antibiotics, or anti-inflammatories, are all administered according to bodyweight. If the horse's weight is not established accurately then under-or overdosing may result. In the long term, drug resistance is a possible consequence of such inaccurate dosing. Ration formulation systems are also based on the horse's bodyweight (National Research Council 1989) . If bodyweight is not established accurately, diets which contain an excess of or are deficient in vital nutrients are likely to be fed and may lead to unnecessary expense and the risk of a variety of diseases and disorders. Hintz (1993) reported that horses have an optimum performance weight which can be established by careful monitoring during training.
The only accurate method for measuring a horse's bodyweight is the weighbridge. However, the cost of these machines is prohibitive for the vast majority of owners and trainers. As a result, over several decades, a number of cheaper and more available methods have been developed for estimating the weight of horses. These methods include a variety of weigh tapes (three are readily available in the UK), weight tables, and weight estimation formulae (Milner and Hewitt 1969, Carroll and Huntington 1988 (Milner and Hewitt 1969, Carroll and Huntington 1988) , but the results are often contradictory, and the studies themselves tend to involve small numbers and limited types of horses. They also do not take into account the individual horse, with researchers tending to develop general, 'best fit' models for weight estimation. Hence, in spite of decades of research, it is still uncertain which of these methods is the most accurate, and which should be recommended for use. As a result, very few people are able to establish a horse's weight accurately.
In order to try to resolve these questions an investigation was carried out to establish the accuracy of the two most commonly used weigh tapes (Spillers and Dalton), one formula (Carroll and Huntington 1988) , and visual estimation.
Materials and methods

Horses and data collection
Six hundred horses with a mean (sd) age of 10-5 (5) years, 15 (1-5) hh, and a variety of breeds were weighed and measured at yards, shows, events and pony club camps throughout the UK. Each horse was first weighed, to the nearest kg, on a portable weighbridge (EziWeigh; Tru-Test). Before weighing the horses, the weighbridge was placed on a hard, flat standing and calibrated to ensure accurate readings. After it was weighed, each horse had its heart girth (cm) measured with a measuring tape placed around the barrel, immediately behind the elbow and withers. Its heart girth was also measured with two commercially available weigh tapes 1 and 2 (Spillers and Dalton respectively) which recorded the weight (kg) directly. Body length (point of shoulder to tuber ischii) was also measured in centimetres. Information about the age, height, breed/type, and sex of each horse was obtained from the handler. For 100 of the horses the handler was also asked to estimate the weight of the horse visually before it was led on to the weighbridge.
Data analysis
The data were entered on to a spreadsheet (Excel; Microsoft) which enabled bodyweights to be calculated from the formula developed by Carroll and Huntington (1988) which used the heart girth and body length measurements in centimetres to estimate weight in kilograms. The formula is:
weight (kg) = girth2 x length (cm) 11,877 The mean (sd) accuracy (per cent) of each method of estimation compared with the weighbridge, was then established for the population as a whole, for horses <15 hh, and for horses >15 hh. The most accurate method was then determined for the population as a whole, for horses <15 hh, and for horses .15 hh. The data were subjected to statistical analysis by means of Student's t test. 
Results
Discussion
For the population as a whole, all of the methods of estimating a horse's weight gave estimates which were significantly different (P<0.001) from their actual weights measured on the weighbridge. It was also found that weigh tape 1 tended to overestimate the weight whereas the other methods tended to underestimate the weight. Weigh tape 1 and the visual estimate were the least accurate methods, with mean accuracies of 112.0 (9-3) per cent and 88-3 (20-1) per cent respectively. Visual estimates of horses' weights have been found to be inaccurate and unreliable in previous studies (Johnson and others 1989) . It would appear that for the equine population as a whole, neither weigh tape 1 nor the visual estimate can be recommended for accurately establishing a horse's weight. The most accurate method was the weight estimation formula developed by Carroll and Huntington (1988) which had an accuracy of 98.6 (10-6) per cent and was significantly (P<0.05) more accurate than the next most accurate method, weigh tape 2. However, the formula still gave estimates of weight which were significantly different (P<0-001) from the actual weights. Carroll and Huntington (1988) suggested that weight estimation formulae were about 90 per cent accurate. The greater mean accuracy achieved in this study is likely to have been the result of the larger number and wider range of sizes of horse used.
There was wide individual variation among the population, and that although the formula was the best overall method for estimating weight, the weights of some horses were better estimated by one of the other methods. This variability was further demonstrated when the population was divided into two height groups (<15 hh and .15 hh) and the accuracy of the methods further analysed. For horses <15 hh, weigh tape 1 was still a poor estimator of weight as was the visual estimate, with mean accuracies of 113.5 (6.5) per cent and 88.4 (16-3) per cent respectively. The formula was also still the most accurate method, at 99.6 (5-2) per cent. However, weigh tape 2 was 99.0 (5-6) per cent accurate, a result which is not significantly different from the formula. Not only were the accuracies of the formula and weigh tape 2 improved in comparison with those obtained for the population as a whole, but they provided estimates of weight which were not significantly different from the actual weights determined by the weighbridge. The individual variation among this group of horses was less than in the population as a whole. The weight estimation formula developed by Carroll and Huntington (1988) and weigh tape 2 would seem, therefore, to be accurate estimators of weight for horses <15 hh. They were also more accurate estimators of weight for horses <15 hh, than they were for the population as a whole.
For horses 15 hh and above, the visual estimate and weigh tape 2 were the poorest weight estimators, having mean accuracies of 89.3 (22-2) per cent and 91-8 (9-2) per cent respectively. 
